Summary.-Tumour induction with diethylnitrosamine (DEN) and methylcholanthrene (MCA) has been studied in 3 strains of guinea-pig. A DEN concentration of 80 ,ug/ml drinking water daily proved too toxic but reasonable survival was obtained with 20 ,ug/ml 3 times per week in Hartley guinea-pigs and a local inbred strain. Heston Strain 13 guinea-pigs were particularly susceptible to the to,ic effects of the diethylnitrosamine. In all 3 strains, 100% of the animals which survived the early toxic effects subsequently developed hepatomata, the mean time being 15 months. Methylcholanthrene was less toxic but more erratic as a carcinogen, the incidence of tumours in Hartley guinea-pigs varying from 18 to 100% in different experiments, the mean time of tumour development being 10 months.
COMPARED with the large volume of work on tumours of rats and mice and other small laboratory animals, guinea-pig neoplasia has been little investigated. The studies on guinea-pig tumours so far published contain some accounts of the pathology but virtually no information on the susceptibility to carcinogens of different strains of animals, the tissue culture of primary tumours or the development of established cell lines. The potential of the guinea-pig as a useful model of the immunological host-tumour relationship has hardly been exploited, apart from the careful studies of Rapp et al. (1968) on hepatomata and Morton, Goldman and Wood (1965) on a sarcoma. This paper presents work on the induction of both carcinomata and sarcomata in 3 different strains of guinea-pigs, 30 using 2 different carcinogens, with a view to the application of this material to tumour immunology studies. Details of the development of transplantable tumours and of tissue culture cell lines are given, and our experience of the culture of primary tumours and of normal liver is outlined. Carcinogens.-Diethylnitrosamine (Eastman-Kodak, Kirkby, Liverpool) in the requisite dose wvas added to 5 litres of tap water and this w-as given to the animals in their usual drinkiiig bowls. 3-Methylcholanthrene (Eastman-Kodak, Kirkby, Liverpool) wNas given by injection, 4 mg in 0 5 ml sesame oil, into the abdominal wvall.
MATERIAL AND METHODS

Guinea
Transplantation of tumours -Tuinours were removed surgically, chopped with crossed scalpels and implanted subcutaneously through a cannula. The volume of tissue inioculated w%as 0 3 ml. At post mortem the livers were all markedly enlarged, being on an average 17% of body weight compared with 40/0 in normal guinea-pigs. In some animals the liver comprised more than 300% of the body weight. The livers were invariably grossly abnormal in shape and colour. The overall pattern of the lobes was usually still discernible but the substance consisted of multiple nodules of tumour varying in size, shape, colour and consistency. In many instances there was virtually no normal liver tissue to be seen, the multiple nodules being practically contiguous. Frequently there was one particularly large nodule attached to the lower side of the median lobe. In Hartlev guinea-pigs, 14% of tumours metastasized to the lung and 20% spread within the abdominal cavity, giving rise to nodules in the mesentery and on the undersurface of the diaphragm. In 900 of animals there was macroscopically observable retrograde spread of tumour to the spleen. On histological examination the tumours were almost all of mixed type, containing nodules of both hepatocellular carcinoma It has been possible to establish cultures from normal guinea-pig liver tissue using a single cell suspension obtained after perfusing the liver with collagenase and hyaluronidase in calciumfree Hanks' solution. The cells attach to the surface of Falcon plastic petri dishes and form monolayers in which cords and clusters of cells may be seen. Many of the cells are binucleate and for the first 4 or 5 days bear a close resemblance to hepatic parenchymal cells by their appearance in the light microscope and on electron microscopy. These appear to be in physiologically good condition and, like liver parenchymal cells examined under other conditions, respond to iontophoretically applied catecholamine with changes in membrane potential as measured with intracellular microelectrodes (Green, Dale and Haylett, 1972) . Long-term culture has not been attempted.
A mesenteric metastatic nodule of a DEN hepatocellular carcinoma from a Hartley guinea-pig has been cultured and an established cell line obtained (VII: 3) which has been propagated in tissue culture for over 2 years. That the cells are malignant is proved by the fact that when injected into Hartley guinea-pigs as part of an immunization schedule, subcutaneous tumours developed in 5 of 20 animals giveni 6,000,000 cells or more.
These transplanted tumours proved, on histological examination, to be cholangiocarcinomatous in type. This cell line has a 26-hour doubling time and its plating efficiency is 19%o. Its chromosome count is 48 although there is some variation in chromosome number.
One of the transplantable tumours described above-a hepatocellular tumour of an inbred ICRF guinea-pig has been successfully cultured and has been propagated in vitro for 13 months. The cells are clearly epithelial in type and they grow vigorously when transplanted back into guinea-pigs. Writh implantation of 100,000 cells there is 100% tumour incidence, good tumour production (approximately 50 %) occurs with 10,000 cells and in some animals 1-5,000 cells have resulted in tumours. Doubling time is 26 hours and plating efficiency is 12%. The chromosome count is 96 and there is a considerable degree of aneuploidy.
DISCUSSION
Because of the relative difficulty of tumour induction, comparatively little tumour work has been carried out on the guinea-pig compared with that performed on rats and mice. This difficulty led some workers to consider the guinea-pig as cancer resistant (Lombard, 1960) and others to search for anti-timour activity in guinea-pig serum (Kidd, 1953; Ainis et al., 1958) . Hartwell (1941 Hartwell ( , 1951 has reviewed the difficulties of early workers in inducing guinea-pig tumours, but Toth (1970) and Argus (1971) have reviewed later successes in this field.
Most of the tumours produced in the early studies were sarcomata, carcinomata being produced in only a few instances. No really consistent technique for producing carcinoma in the guinea-pig was available until the nitrosamines were used. Druckrey and Steinhoff (1962) reported 100% incidence of hepatic carcinoma in 11 guinea-pigs given DEN orally and since then there have been several successful studies using nitrosamines and other compounds (see Argus, 1971) .
The most detailed work with DEN carcinogenesis in the guinea-pig has been carried out by Rapp and his co-workers at N.I.H. (Chrisler et al., 1965; Rapp et al., 1968) . These workers obtained tumours in guinea-pigs given DEN orally, and reported not only the production of transplantable tumours but the development of ascites variants (Zbar et al., 1969) and subsequent tissue culture of the ascitic tumours (Wepsic et al., 1970) . Since then, these cells have been used effectively in tumour immunology studies Churchill et al., 1972; Wepsic et al., 1971) . Successful induction, transplantation and culture of a MCA liposarcoma in guinea-pigs was reported by Eilber, Holmes and Morton in 1971, the cultured tumour cells subsequently being used in immunotherapy experiments. Tissue culture of guinea-pig tumours has also been reported briefly by Laporte and Sillard (1967) and Leikina (1967) .
Our results confirm that DEN given orally is a singularly successful carcinogen in guinea-pigs, particularly in Hartley guinea-pigs and the inbred ICRF animals, in which strains more animals survive the initial toxic effect of the chemical. MCA is effective but rather inconsistent in Hartley guinea-pigs but may be more consistent in ICRF animals. Tumours produced with both these agents are readily transplantable and short-term tissue culture of the primary tumours presents no great difficulty. Short-term tissue culture of normal guinea-pig liver tissue is also feasible for those immunological studies which require normal control tissues for comparison with cultures of primary tumours. We have also obtained two established cell lines, one of which (VII:3) has been propagated successfully and used for immunological studies in at least one other laboratory.
